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Purpose: This study aimed to investigate gender differences in the relationship be- 
tween fat-free mass index (FFMI) and fat mass index (FMI) by applying body 
composition chart on Korean elementary students. Materials and Methods: Data 
from 965 healthy Korean children of 8 to 12 years of age (501 boys, 464 girls) were 
obtained. FFMI and FMI were plotted on the body composition chart, and the dif- 
ferences in the relationships between FFMI and FMI were separately evaluated by 
gender or grade. Results: Weight was heavier and BMI was higher in 3rd and 4th 
grade boys compare to girls. The value of FFM was higher in boys, but FM was 
not different. In subgroup analysis by grade, significant gender by FFMI interac- 
tion (p=0.015) was found, indicating that the slope of the lines for FMI vs. FFMI 
was different between boys and girls (Figure was not shown). In subgroup analysis 
by gender, grade by FFMI interaction was significant in boys, indicating that FMI 
vs. FFMI relationship differed according to grade only in boys. Conclusion: Boys 
are leaner than girls, despite having similar BMI. Gender difference in the direc- 
tion of the change of the FFMI and FMI relationship is evident in children. 
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INTRODUCTION 



The recent increase in the prevalence of childhood obesity has been well-estab- 
lished around the world, including South Korea and concerns about the excess adi- 
posity in childhood are increasing. 1 3 
Body mass index (BMI) is widely used as a surrogate marker of fatness. 4 5 The sta- 
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hood. 7 9 The simplest model of body composition divides 
WT into fat mass (FM) and lean mass (LM) components: 

WT=LM+FM (equation 2) 

Vanltallie, et al. 10 proposed that equations 1 and 2 could 
be combined in order to divide BMI into its fat and lean 
components: 

BMI=fat-free mass index (FFMI)+fat mass index (FMI) 
(equation 3) 

In general, lean mass index (LMI) and FFMI can be used 
to mean the same thing. Body composition is difficult to 
measure in children because accurate techniques require 
participant compliance and are only available in specialized 
research institutions. Recently, more practical methods such 
as bioelectrical impedance analysis (BIA) for epidemiolog- 
ic studies and clinical practice are available. 11 Although in- 
creases in FM are generally observed in boys and girls, in- 
creases in BMI throughout childhood are driven primarily 
by increases in FFM, particularly in boys. 12 The relation- 
ships between FFMI and fat mass index (FMI) can be de- 
lineated on the body composition chart. Hattori 13 have de- 
vised a chart, based on FFMI and FMI on the x and y axes, 
respectively. It has advantage of expressing both aspects of 
body composition in common units. 14 The effects of varia- 
tion in FFM and FM on BMI can be explored using body 
composition chart, and various combinations of FFMI and 
FMI can result in a similar BMI. 15 

The objective of this study was to determine the gender 
difference in the relationship between FFMI and FMI with 
increasing age by applying body composition chart analysis 
on Korean elementary school children. 



MATERIALS AND METHODS 



Subjects 

Data from 965 healthy Korean children of 8 to 12 years of 
age (501 boys, 464 girls) were obtained from the annual 
school health examination at a primary school, located in 
Seoul, South Korea. 

Measurements 

While subjects were dressed in light sports attire, body 
weight was measured to the nearest 0. 1 kg on a calibrated 



digital electric scale. Height was measured to the nearest 
0. 1 with barefoot, using stadiometer. 

FM (kg) and FFM (kg) were measured with bioelectrical 
impedance analysis (BIA) using multi frequency bioelectri- 
cal impedance analyzer (InBody J10, Biospace, Seoul, Ko- 
rea). Subjects emptied their bladders first to minimize mea- 
surement errors and were asked to stand barefoot, facing 
forward. Anthropometric measurements and BIA were con- 
ducted in the morning on the same day. 

The values of body compartment of FM (kg) and FFM 
(kg) measured with BIA were used for FMI and FFMI. 
FFMI and FMI were plotted on the body composition chart, 
and the relationships between FFMI and FMI were explored 
on the body composition chart in common units (kg/m 2 ). 

Statistical analysis 

All data were analyzed using software version 1 1 .0 for win- 
dows (SPSS Inc., Chicago, IL, USA), and p value of less 
than 0.05 was considered to be statistically significant. T-test 
was used to test for gender differences. Analysis of variance 
was conducted for grade differences separately in both gen- 
ders. The relationship between FMI and FFMI was as- 
sessed by multiple regression analysis. The differences in 
the relationships between FFMI and FMI by gender and 
grade were evaluated. Regression analysis was conducted 
separately in each gender, also. In multiple regression anal- 
ysis, grade and FFMI by grade interaction were the final in- 
dependent variables. 



RESULTS 



Subject characteristics 

The characteristics of the subjects are provided in Table 1, as 
well as the various body components. Weight was heavier 
and BMI was higher in 3rd and 4th grade boys compare to 
girls. The value of FFM was higher in boys, but FM was not 
different. FFMI was higher in boys. In terms of body fat per- 
cent and FMI were not different in boys and girls. 

Gender difference in relationship between FFMI and 
FMI 

Gender difference was demonstrated in the relationship be- 
tween FFMI and FMI using body composition chart (Fig. 1). 
In subgroup analysis by grade, significant gender by FFMI 
interaction (/?=0.015) was found, indicating that the slope 
of the lines for FMI vs. FFMI differed between boys and 
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Table 1. Characteristics in Girls (a) and Boys (b) by Grade in School 



(a) 


3rd(n=114) 


4th (n=129) 


5th (n=103) 


6th(n=118) 


Aee (vrs)* 


8.75 (8.17-9.34) 


9.59 (8.83-10.25) 


10.59(9.42-11.25) 


11.67(10.83-12.17) 


Height (m) 


1.30±0.06 


1.37±0.06 


1.44±0.06 


1.50±0.06 


Weight (ks) 


29.5±5.1 


33.9±6.9 


39.7±8.4 


44.2±10.2 


BMI (kg/m 2 ) 


17.4±2.3 


17.9*2.7 


19.1±3.0 


19.6±3.5 


Fat free mass (kg) 


22.1±2.5 


25.1±3.4 


28.7±4.1 


31.9±5.1 


Fat mass (kg) 


7.4±3.4 


8.8±4.2 


11.1±5.1 


12.3±5.8 


Body fat percent (%) 


24.2±7.2 


24.9±6.9 


26.6±7.2 


26.5±7.2 


FFMI (kg/m 2 ) 


13.0±0.8 


13.3±1.0 


13.9±1.1 


14.2±1.4 


FMI (kg/m 2 ) 


4.3±1.9 


4.6±2.0 


5.3±2.2 


5.4±2.3 


(b) 


3rd (n=142) 


4th (n=129) 


5th (n=120) 


6th (n= 110) 


Ase (vrs)* 


8.75 (7.34-9.92) 


9.67 (9.17-10.25) 


10.67(10.17-11.25) 


11.59(11.17-12.25) 


Height (m) 


1.31±0.06 


1.37±0.06 


1.42±0.06* 


1.49±0.07 


Weight (kg) 


31.9*7.4* 


36.5±7.6 f 


39.4±8.9 


45.3±10.3 


BMI (kg/m 2 ) * 


18.5*3.3* 


19.4±3.3 f 


19.6±3.4 


20.4±3.5 


Fat free mass (kg) * 


23.9±3.2 f 


26.5±3.3 f 


28.8±4.2 


33.2±5.6 


Fat mass (kg) 


8.1±4.9 


10.1±5.2* 


10.7±5.6 


12.1±6.3 


Body fat percent (%) 


23.5±8.9 


26.1±8.4 


25.7±8.0 


25.6±8.2 


FFMI (kg/m 2 ) * 


13.9*0.9* 


14.1±1.1* 


14.3±1.2* 


14.9±1.4 f 


FMI (kg/m 2 ) 


4.6±2.7 


5.3±2.6 f 


5.3±2.5 


5.5±2.6 



BMI, body mass index; FFMI, fat free mass index; FMI, fat mass index. 
*/k0.05; f /K0-01 f° r boys compare to girls. 

*Data are presented as median (range), others data are presented as mean±standard deviation. 
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Fig. 1. Fat mass index (FMI) versus fat free mass index (FFMI) in girls (A) and boys (B). Solid and dashed lines represent 6th graders and 
3rd to 5th graders respectively. 



girls (Figure was not shown). In subgroup analysis by gen- 
der, grade by FFMI interaction was significant in boys indi- 
cating that FMI vs. FFMI relationship differed according to 
grade only in boys (Table 2). 



DISCUSSION 



The gender difference in the relationship between FFMI 
and FMI was demonstrated in this study. Girls are generally 
known to have relatively more fat. In contrary to such ex- 



pectation, however, this study proved to be not always true, 
especially in children. Girls did not have higher levels of fat 
mass or percentage body fat than boys did. 

Although boys showed higher BMI, FM was not differ- 
ent between boys and girls. The higher values of FFM in 
boys could explain the difference of BMI in this age group. 
Even though body fat percent, FFMI and FMI were not dif- 
ferent between boys and girls, the relationships between 
FFMI and FMI were different by gender using body com- 
position chart (Fig. 1). 

In subgroup analysis by grade, there was a significant 
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Table 2. Relationship between FMI and FFMI in Girls (a) and Boys (b) by Grade in School 



Independent variables 


Dependent variable (fat mass 


index) 




Regression coefficient (SE) 


p value 


R2 


SE 


(a) 


Intercept 


-9.115 (2.221) 


<0.001 


0.400 


1.672 




FFMI 


1.044(0.168) 


<0.001 








Grade 


-0.442 (0.424) 


0.299 








FFMI X grade* 


0.029(0.031) 


0.356 






(b) 


Intercept 


-22.812(3.106) 


<0.001 


0.323 


2.152 




FFMI 


1.992(0.221) 


<0.001 








Grade 


1.872(0.529) 


<0.001 








FFMI X grade* 


-0.137(0.037) 


<0.001 







FFMI, fat free mass index. 

'Interaction variable between FFMI and grade. 



gender by FFMI interaction, indicating that the boys gain 
FFM more rapidly compared to girls during 6th grade peri- 
od. In subgroup analysis by gender, grade by FFMI interac- 
tion was significant in boys, indicating that FMI vs. FFMI 
relationship differed according to the grade of the boys. FFM 
gain was more accelerated in 6th grade boys, indicating that 
the magnitude of this gender difference in elementary school 
children increased with grade. 

This study result also showed the limitation of BMI in 
children, that has already been known, 7 ~ 9 and the needs for 
FMI and FFMI chart plotting. 

Over the last two decades, the importance of body compo- 
sition measurement according to nutritional status has in- 
creasingly been recognized, especially in pediatric age 
group. 15 Tracing body composition in children is not only to 
detect excessive fatness but also concerns in the acquisition 
of FFM. FFMI and FMI are used to express both aspects of 
body composition in common units. It should be kept in 
mind that the same BMI value can result from various com- 
binations of FMI and FFMI, and the range of variability in 
the levels of both FM and FFM is wide in growing chil- 
dren. 1216 The accuracy of BMI among children varies, de- 
pending on according to the degree of fatness: BMI fits for 
relatively heavy weight children (e.g., BMI-for-age>85th 
P) but it does not for light weight children. 17 

Previous studies indicated the importance of FMI and 
FFMI, however, there was no result on the difference be- 
tween boys and girls. 1819 FFMI in boys and girls, gender 
difference and year in year out these were very diverse be- 
tween childhood and adolescent. 20 22 

In the present study, we found definite differences in FFMI 
and FMI relationship between boys and girls as they grew. 
We also found the time of change in body composition 
through slope variation, a marked change occurring in 6th 



grade boys (Table 2). 

Our results have several limitations. In the result of this 
research, difference by the grade was marked and as the Ta- 
ble 1 suggests average grade age rarely goes out the actual 
school year age. Moreover, in order to find the overall gen- 
eral differences between children, pubertal stage should be 
included, however, the present study was limited within a 
single elementary school. 

In summary, this study demonstrates that body composi- 
tion chart containing FFMI and FMI is appropriate for ex- 
pressing both aspects of body composition in children. Gen- 
der difference in the direction of change of FFMI and FMI 
relationship is evident in children. Thus, the use of this 
chart should highly be encouraged, and extensive studies to 
establish gender and age specific cut-off values that are val- 
id for the health risk-based definitions of pediatric obesity 
should follow. This task is important not only for the re- 
search/public health, but also imperative in clinical settings. 
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